Abstract The study area was selected in El Saf District of El Giza Governorate in Egypt, covering 21461.4 ha of Nile sediments and their outskirts of alluvial higher and lower terraces. The aim of this study was to assess the impact of informal irrigation practices on drainage deterioration, soil pollution and land suitability for agricultural use using the satellite LDCM data 2013. From the lower alluvial terraces (partly cultivated using wastewater), the drainage flows westward via descending slopes resulting in land deterioration in both the alluvial lower terraces and alluvial plain of River Nile. The drainage conditions are excessively drained soils in the alluvial upper terraces within soils of Typic Haplocalcids, sandy skeletal, but in the lower terraces it partly occurred within soils of Typic Torriorthents, sandy skeletal. Moderately well drained soils occurred in soils of Typic Torriorthents, sandy in the alluvial lower terraces, while in the alluvial plain of Nile sediments are Sodic Haplotorrerts, fine. Poorly drained soils in the lower alluvial terraces have soils of Typic Epiaquents, sandy associated with Sodic Psammaquents and Aquic Haplocalcids, coarse loamy, while in the alluvial plain of River Nile the soils are Halic Epiaquerts, fine. Very poorly drained soils (submerged areas) are scattered spots in both the lower alluvial terraces and the alluvial plain. In the alluvial plain of River Nile, 1967.1 ha become not suitable for the traditional cultivated crops, while in the alluvial terraces 3251.0 ha are not suitable for the proposed cultivation of Jojoba plants. Heavy metals of Cadmium (Cd), Cobalt (Co), Lead (Pb) and Nickel (Ni) were added to the soil surface and sub-surface in the irrigated areas by wastewater in the lower alluvial terraces (moderately well drained soils), but Cd and Co exceeded the standards of permissible total concentrations in these soils. The same metals were added to soil sub-surface layers in the alluvial plain (poorly drained soils), but Co exceeded the total permissible concentrations. Continuing these informal irrigation practices, drainage condition will be deteriorated in extra areas and all heavy metal concentrations will exceed the standards of permissible levels. Improving the land qualities of drainage is required and Jojoba cultivation is proposed to replace the edible crop cultivation in the alluvial terraces to avoid the heavy metal contamination risk and to be used for developing a bio-fuel crop production of renewable energy. 
Introduction
The cultivated Nile alluvium must be kept to serve the national economy of Egypt to be a basis for the social system of the frequent generations. This land of a very high economical value is recently denaturing with uncontrolled planning within retreated networks of irrigation and drainage canals. The problem may occur as a result of disturbed knowledge uniformity concerning the importance of protecting the cultivated land according to our religious beliefs. This unique land requires to be well managed by a controlled system concerning a well maturing of the rural areas and correcting the approach of cultivated land conservation to realize its real profitable function. The State commits to protecting lands under cultivation according to the Constitution (Destor) of Egypt, which is highly required to be realized by an urgent strict law otherwise the crises will still be acting without solution (Afify et al., 2013) .
The traced deteriorated areas were previously either under the demand of productive cultivation or under the natural balance as virgin soils. They are land resources, where the natural limitations can be currently overcome or corrected by better techniques. These deteriorated areas have good potentialities in their sites and have a unique value as their situation. This situation is characterized by an existing network of the infra-structure that realizes an easy access for the marketing activities within Greater Cairo and other regions. The informal irrigation practices of using wastewater for surface irrigated agriculture resulted in a wide spread deterioration concerning the land qualities of the study area. This cultivated land must be protected with its agricultural skinless, which according to Afify et al. (2008) , is the ability of human practices that make such land more promising areas for agricultural use. This cultivated land requires small capital intensity for successful production as its minor problem can be overcome by individuals in small scale land tenures. Comparing with the new reclaimed areas the agricultural development needs a high capital intensity which is not easily available for small users that may be obliged to apply the minimum applications or to subject to failure.
According to Ali et al. (2007) , most forms of degradation are man-made problems, as mismanagement. The active degradation features are mostly water logging, salinization, and alkalinization. The main causative factors of human induced land degradation types are over irrigation, human intervention in natural drainage and the absence of conservation measures.
In the study area, wastewater is used as surface irrigation for growing most of the edible crops resulting in interacted problematic elements, which include soil drainage condition deterioration. The hazard of this informal irrigation practice is exaggerated when this land use leads to pollute the soils by heavy metals to pollute plants, which has a direct relationship with human health hazard. Nagajyoti et al. (2010) considered this case of using wastewater for growing crops a reason of degrading soil quality, reducing crop yield and the quality of agricultural products integrating a negative impact on the health of humans, animals, and the ecosystem. The World Health Organization (1989) reported that flood irrigation by wastewater probably exposes field workers to the greatest health risk. This wastewater should not be used for producing vegetables.
According to Jarup (2003) , these vegetables among the food system, are the most exposed food to environmental pollution due to aerial burden. They take up heavy metals and accumulate them in their edible and non-edible parts at quantities high enough to cause clinical problems to both animals and humans.
The aims of this study are to monitor soil drainage deterioration and its impact on land use changes on both the old cultivated areas and their outskirts of new cultivated ones. It is also to compile the spatial distribution of such deterioration, which associates with land suitability decrease and the risk of soil contamination. The study helps in formulating correlated spatial dataset using remote sensing data and GIS to be timely retrieved to serve irrigation practice reforms in certain areas of Egypt.
Materials and methods

Study area
The study area was located in El Saf District of El Giza Governorate east of River Nile covering 21461.4 ha (51078.1 feddans). It represents the old cultivated land of the Nile sediments as well as their outskirts of the new reclaimed land for the agriculture land use. The coordinates of the upper left corner include a latitude of 29°44 0 12 00 North and a longitude of 31°15 0 38 00 East, while the lower right corner is coordinated as latitude of 29°34 0 30 00 North and longitude of 31°2 4 0 37 00 East (Fig. 1 ).
Specifications of remote sensing data
The remote sensing data were acquired by Thematic Mapper (TM) 1984 and Landsat Data Continuity Mission (LDCM (2013 with spatial resolution of 30 m. The spectral resolutions of TM 1984 are Green (510-590 nm), Red (610 nm-680 nm), Near-Infrared (800-890 nm). For LDCM, these spectral bands are Green (530-590 nm), Red (640 nm-670 nm), and NearInfrared (850-880 nm). The scenes are indexed by the path 176 and row 39.
Processing of remote sensing data
Remote sensing data were corrected according to the Egyptian Transverse Mercator (ETM) with Spheroid name of Helmert and Datum Name of Old Egyptian 1907. The data layers were processed within a sub-set of the full scene to cover the study area. The view of data composite was enhanced, using the histogram equalization technique to improve the visual interpretability by increasing the apparent distinction between features.
Visual interpretations
Physiographic units were delineated using the physiographic approach as proposed by Zinck and Valenzuela (1990) to identify boundaries as associated with different geomorphic processes. Afify et al. (2010) considered this physiographic approach using visual interpretation leads to a good understanding of landscape genesis and features. It helps in tracing the drainage pattern as mediators between the parent rocks in the highlands and the inherited parent materials of the specified soils in the relative lowlands. The resultant is relationship closeness between the physiographic unit identification and the taxonomic unit specification. The topographic maps and remote sensing data of uniform projection were manipulated for buffering the linear features of water canals, railways and roads to be calculated as in areas as polygons.
Spatial distributions of soil drainage conditions
Soil drainage classes were mapped from digital remotely sensed data using the unsupervised classification as Iterative Self-Organizing Data Analysis Technique (ISODATA) according to ERDAS (1999) . This iterative approach is based on a highly heuristic algorithm to eliminate clusters with very few pixels, unify pairs of clusters very close to each other and divide large clusters which are elongated into two clusters. An optimal set of output classes with large standard deviations can be obtained. The band combination of green, red and near infrared radiation gave a valid clustering representing the reflectance from submerged areas, wet soils, moist soils and dry ones in a reliable thematic map. One hundred spectral clusters as a processing option were formed to separate the image information into a more readable form. The classes were specified for grouping a number of natural features to be combined by recoding more than one class to the same new class number for setting up a realistic legend. Each group of contiguous cells with the same values was converted into a polygon of a vector format. Figure 1 Location maps of the study area. The unsupervised classification is more valid for assessing the spectral signatures of the problematic features in the old arable land in Egypt, where the fields are mostly parceled in small land tenures as small fields. By this method, the results are most probably more reliable in comparison with the supervised classification. Accordingly, the unsupervised classification is particularly suited for this case as the number of classes can be specified by the interpreter that can use his local reference level and ground truth for grouping the number of natural features in the data for combining or splitting classes.
Field work
The preliminary interpretation map and the automated one were checked in the field by different ground observations. Soil profiles representing each drainage condition class were located using the Global Positioning System (GPS). Twenty soil pedons were described according to the Soil Survey Manual of USDA (2003) Manual of USDA (2003), which depends on measuring the depth of internal free water (very deep, deep, moderately deep, shallow and submerged area). Also redoximorphic features were measured to find whether the soils are having these features or are free of them. These redoximorphic features are related to the wetness status in the zone of water table fluctuations, which have a direct impact on the growth of mesophytic crops. The signatures of redoximorphic features were specified as color name and notations using the Munsell Soil Color Chart (Anon, 1975) . Samples of soils from the described pedons and of irrigation water were collected for laboratory analyses.
Laboratory analyses
Particle size distribution was carried out by a pipette after removing salts and organic matter, using sodium hexametaphosphate as a dispersing agent (Jackson, 1969) . According to Nelson (1982) , the contents of calcium carbonate were measured by the calcimeter (Black et al., 1965) and those of gypsum were determined by precipitation with acetone (Richard, 1954) . Soil pH was measured in the soil paste using pH meter (Richard, 1954) . Salinity was expressed as electrical conductivity (EC) measurement in the soil past extract. Exchangeable sodium percentage (ESP) was carried out using ammonium acetate according to Richard (1954) . Available heavy metals Cadmium, Cobalt Lead and Nickel were extracted from 20 g of soil sample according to the method of Soltanpour (1991) by a mixture solution of Diethylene Triamine Pentaacetic Acid 97% (DTPA) and ammonium bicarbonate with adjusting at pH 7.6. Total heavy metals Cadmium, Cobalt Lead and Nickel were determined using the Kjeldahl method according to Chapman and Pratt (1961) .
Soil classification and land suitability classification
Soils were categorized according to the keys of Soil Taxonomy (USDA, 2014), while Land suitability classification for the purpose of agricultural land use in arid and semi arid regions was assessed according to the system of Sys (1991) and Sys et al. (1993) .
Results
The genesis of drainage condition deterioration
Remote sensing data of TM5 that were acquired in the year 1984 were analyzed for illustrating the prefigured landscape feature that preceded the current status of soil drainage deterioration. In that time, El Saff sanitary drainage canal was not yet channeled and the buffered water canals from the remote sensing data were both the branched irrigation canals from the River Nile and those channeled ones for flash flooding flows for protecting the cultivated land in relatively low elevations. The spectral signatures of prefigured physiographic features indicated that the bare area of non cultivated land included alluvial upper terraces (undulating to gently undulating) and alluvial lower terraces (gently undulating to almost flat). The upper terraces have uppermost elevation of 180 m above sea level (a s l), which decrease westward to be about 80 m a s l. These elevations are mostly ranging from 80 to 25 m a s l within the lower terraces along descending slopes to the west. Within the balance of those natural environmental elements in the study area, the land of River Nile deposits appeared as an area of healthy cultivation on both the levees and the alluvial plain of almost flat and flat surfaces respectively (Table 1 and Fig. 2 ). After channeling El Saff sanitary drain, which is somewhat aligning the contour line of 80 m above sea level, alluvial lower terraces were partly cultivated using surface irrigation of wastewater. The spatial distributions of soil deterioration were proportionally affected by soil attributes, elevations and slope directions (Fig. 3) . In the upper terraces, the soils are not affected by fluctuations of water logging. In the lower terraces, the areas of relatively high elevations are also not water logged. The irrigation water is vertically draining within sandy strata of the alluvial terraces and seeped westward along descending slopes to the depressed alluvial plain of River Nile deposits. The water seepage creates spots of submerging areas as very poorly drained soils and waterlogged ones of poorly drained soils. According to Khader et al. (2002) , this case causes leaching of elements within wastes to be concentrated in the soils of certain parts of a drainage basin. The plants growing on these soils can be toxic as causing diseases for animals and people. 
Drainage condition classes and associated soils
The presence of aqueous condition is indicated by water table levels and the redoximorphic features within the soil profile.
The measured Munsell Color Notation is a good indicator of these redoximorphic features, which have a direct relationship to the drainage condition class. The color in bright soils reflects the oxidation process in the well-drained soils that have high Figure 4 Distribution of drainage condition classes within the physiographic units.
chroma as red and brown colors. Redoximorphic features are signatures of wetness conditions that occurred because of iron reduction changing the soil color to gray, which is named as GLEY 1 or GLEY 2 including greenish, bluish, and gray colors in the soil ( Table 2 ). The associated soil attributes were determined from soil surface to the depth of 150 cm or to Figure 5 The spatial distribution of soil drainage classes with the associated physiographic and soil taxonomic units.
the water table level and were sorted as taxonomic units from Table 3 to represent the associated drainage conditions within the different physiographic units in Table 4 . The drainage condition classes are shown in Fig. 4 , while the soil taxonomic units as affected by different drainage classes are shown in Fig. 5 and are categorized as follows:
Excessively drained soils
These excessively drained soils occurred in non cultivated areas, which include the upper terraces (6085.8 ha) and in the relatively high parts (3894.0 ha) of the lower terraces. In these soils, the internal free water is very deep and the soils are free of the redoximorphic features that are related to wetness. These soils are coarse-textured (sandy) with more than 35% coarse fragments. The soils have calcic horizon and a layer of at least 25 cm thick with Exchangeable Sodium Percentage (ESP) more than 15. These attributes are fitting the soil taxonomic unit of Sodic Haplocalcids, sandy skeletal (soil profiles 5, 9, and 18). In the lower terraces, as these soil attributes are lacking calcic horizon, they were categorized as Typic Torriorthents, sandy skeletal (soil profile 10).
Well drained soils
Well drained soils occurred in the cultivated levees of the River Nile deposits covering 1005.4 ha. In these soils, the internal free water occurrence is deep and the wetness does not inhibit growth of roots during most growing seasons. The soils are free of the redoximorphic features that are related to wetness. These soils include layers of sandy clay loam over sandy ones fitting the soil taxonomic unit of Typic Torriorthents, fine loamy over sandy (soil profile 20).
Moderately well drained soils
Moderately well drained soils occurred in both the cultivated areas within the lower terraces covering 1950.5 ha and in the alluvial plain of River Nile deposits covering 1737.0 ha. Internal free water occurrence is moderately deep and the soils are wet for only short seasons, which mark a signature of redoximorphic. The soils in the lower terraces are dominated by sandy layers, which are categorized as Typic Torriorthents, sandy (soil profile 19). In the alluvial plain of River Nile deposits, the soils are clayey having a layer at least 25 cm thick with ESP more than 15 fitting the soil taxonomic unit of Sodic Haplotorrerts, fine (soil profiles 11, 13, 14, 15 and 16).
Poorly drained soils
Poorly drained soils occurred in areas of non cultivation either within the lower terraces covering 2958.2 ha and in the alluvial plain of River Nile deposits covering 1745.1 ha. The soils have wetness at shallow depths and the occurrence of internal free water is near the surface long enough during the growing season inhibiting most mesophytes from growth. These soils have episaturation, which developed an anaerobic condition that reduces the soil matrix in sub surface layers, marking a signature of redoximorphic features. These soils of episaturation in the lower terraces are dominated by sandy layers with sandy loams in the surface layers fitting the soil taxonomic unit of Typic Epiaquents, sandy (soil profile 3). The minor associated soils are sandy soils throughout the profile having a layer at least 25 cm thick with ESP more than 15 fitting the taxonomic unit of Sodic Psammaquents (profile 17). Other minor soils have layers of sandy loams with calcic horizon fitting the taxonomic unit of Aquic Haplocalcids, coarse loamy (soil profiles 4). In the alluvial plain of River Nile deposits, the soils are clayey having layers of more than 15 cm thick an electrical conductivity more than15 dS/m to be classified as Halic Epiaquerts, fine (soil profiles 1, 2, 6, 7, 8, and 12).
Very poorly drained soils
Very poorly drained soils are scattered areas within the lower terraces covering 292.4 ha and also in the depressed alluvial plain of River Nile deposits covering 222.0 ha. These areas are submerged by water and remain as isolated water spots. The soils have endosaturation with water and free water remains at the ground surface during the growing seasons. The occurrence of internal free water is persistent and most mesophytic crops cannot be grown. The soils are relatively depressed and frequently ponded, which could not be sampled.
3.3. The consequents of drainage condition deterioration 3.3.1. Soil pollution 3.3.1.1. Spatial and vertical distributions of heavy metal concentrations. Available and total concentrations were determined for Cadmium (Cd), Cobalt (Co), Lead (Pb) and Nickel (Ni) to assess their concentrations in both irrigation water (Table 5) and soils (Tables 6 and 7) . Wastewater irrigation that was sampled from El Saf sanitary drainage canal includes relatively high concentration of heavy metals in comparison with fresh water in the irrigation canals. In wastewater, Cd, Co, Pb and Ni were averaged as 0.076, 0.053, 0.22 and 0.027 mg/L respectively, which are the source of heavy metal accumulation in the soils. Heavy metal concentrations in the soils were proportionally affected by drainage deterioration as an active mediator between the sites that are flooded by wastewater and those that are waterlogged by seeped drainage. Available and total Cd, Co, Pb, and Ni were added to the soils in different concentrations either spatially to certain land units or vertically within the soil surface and sub surface layers ( Table 7) . The spatial distribution of heavy metals is mostly depending on the slope direction that related to the striped contour lines, soil texture and soil drainage condition class. Proportionally, the most affected soils by heavy metal accumulation are those in the lower terraces of moderately well drained soils that are irrigated by wastewater. This surface irrigation on sandy strata of relatively high elevations drained along descending slopes to the area of clayey strata. The drainage flow stagnates and rises from underneath to the subsurface of these clayey strata. In the soils that are affected by drained water, poorly drained soils in the alluvial plain of River Nile have relatively high contents of available and total heavy metal concentrations in comparison with the other affected soils. According to Sridhara et al. (2008) , once the adsorption sites of the soil for heavy metals are saturated, more heavy metals would be distributed in the aqueous phase and the bioavailability of heavy metals would subsequently be enhanced. In these poorly drained soils, the sub surface layers mostly include higher contents of heavy Impact of informal irrigation practicesmetals, which are associated with the redox-morphic features. Fritioff and Greger (2003) found that when metals have been bound to the soil, the redox potential will affect the tendency of the metal to exist in ionic and plant-available forms. On the other hand, poorly drained areas of clayey textured soils have relatively high contents of heavy metals in comparison with those of sandy soils. According to Sherene (2010) texture plays an important role in the mobility of metals in soil as affected by the content of fine particles like clay. This clay is important adsorption medium for heavy metals in soils. The clayey soils retain a high amount of metals when compared to sandy ones. In the study area, vertical distribution of heavy metals within the soil surface and sub surface depends on the way of wetting these soil layers by wastewater. Soils that are irrigated by wastewater are contaminated by heavy metals within the surface and sub surface layers, while in the outskirts of waterlogged area by the drained contaminated ground water, the heavy metal concentrations are accumulated in soil sub surface layers.
3.3.1.2. Risk status of heavy metal accumulation in the affected soils. According to DEFRA (1989) , the standards of permissible total concentrations in soils are 3 mg/kg for Cd, 300 mg/kg for Pb and 110 mg/kg for Ni. Herz (2007) specified 10 mg/kg for Co as a permissible total concentration in the soils. Matching these standards with the total concentrations of heavy metals in the study area indicated that Cd and Co are contaminating the soils that are irrigated by wastewater in lower terraces covering 1950.5 ha. In the soil surface, Cd and Co concentrations were 4.26 and 18.43 mg/kg respectively, while in soil sub surface they were 3.98 and 19.7 mg/kg in soil sub surface respectively (Table 7 ). The case of Cadmium contamination is considered as the most effective source of toxicity in the soils. Intawongse (2007) found that Cd is relatively most bioavailable to plants that can be transferred from soils to plants more easily than Ni and Pb. El-Bady (2014) considered the presence of Cd in soils is extremely dangerous as it strongly adsorbs organic matter in soils and the uptake through food will increase. Soil sub surface in poorly drained soils of the depressed alluvial plain is contaminated by Co (averaged as 15.33 mg/kg) covering 1745.1 ha. El Gala et al. (2002) referred soil contamination with Co to using sewage water for irrigation, which contained excess amounts of Cobalt beyond the permissible limit. In the rest of other areas of poorly drained soils and moderately well drained ones, heavy metal concentrations were accumulated in the soils but still within the permissible and safety concentrations. Heavy metal concentrations in the excessively drained soils and well drained ones are considered as blank levels, which are not related to the source of contamination in this study. Continuous use of wastewater for irrigation will add more heavy metal concentrations and an extra contamination will be occurred. The lower terraces are expected to be entirely polluted by heavy metal concentrations and the most affected soils will be those that are cultivated using wastewater and those that are located within the uppermost seepage flow of the drainable water. Also more contamination is detected to be in the depressed alluvial plain of river Nile sediments of clayey soils, which received the seeped drained water as well as is having a high ability for retaining more contents of heavy metals in comparison with the sandy soils. According to Lone et al. (2013) , sewage water irrigation leads to the accumulation of heavy metals in crop plants and may cause harmful effects on animals and plants. Long term application of sewage water may cause accumulation of heavy metals in surface and subsurface soils, which prove harmful to plants and to consumers of the harvested crops. Also Behbahaninia and Mirbagheri (2008) reported that, the use of wastewater application in Table 8 Potential land suitability after improving the current soil drainage deterioration.
Figure 7
Current and potential land suitability for the traditional and proposed crops in the study area.
Impact of informal irrigation practicesagricultural lands enriched soils with heavy metals to concentrations that may pose potential environmental and health risks in the long-term. The risk status of heavy metal accumulation in the study area is indicated in Fig. 6. 
Land productivity degradation
The delineated cultivated land as acquired in 1984 by TM 5 indicated that the soils in the study area at that date had no signs of drained deterioration. The Current land suitability classification is based on the crop requirements, which were matched with the present land qualities without land improvements to be evaluated for specific use. In the depressed alluvial plain, the deteriorated land (poorly and very poorly drained soils) is covering 1967.1 ha (41.7%) of the River Nile deposits. This area becomes not suitable for all the traditional crops that are grown in the surrounding rural areas using branched irrigation canals from River Nile. Those crops are Banana, citrus, date palm, guava, mango, pea, alfalfa, green pepper, cabbage, carrots, maize, onion, potato, soya, sunflower, sweet potato, tomato, water melon and wheat.
Alluvial terraces (15180.9 ha), which are proposed to be cultivated by Jojoba shrubs (Simmondsia chinesis) under wastewater irrigation are currently not suitable for growing Jojoba shrubs in the poorly and very poorly drained soils covering 3250.6 ha (21.4%) are not suitable for the proposed utilization of Jojoba. These Jojoba shrubs were evaluated according to their growth requirements that were considered by Yossif et al. (2008) .
Reforming land use management
For establishing potential land suitability classification, the main land improvement for the study areas are regarding land qualities of drainage, which indirectly will correct salinity and sodicity limitations. The area requires channeling a drain in a linear flow between contour 21 and 22 a s l to link the drainage flow with the two flush flooding canals in both the northern and southern parts of the study area. Also, a linear flow to north of the drained water is required aligning the contour line of 30 a s l to improve the drainage condition of the alluvial lower terraces. Frequent removal of the flushed down sediments that settled at the bottom and sides of El Hager irrigation canal is required for deepening the level of its water surface. This deepening will allow water seepage from the aligning area of deteriorated soil drainage. After this improvement, River Nile deposits will be highly suitable for all crops that are traditionally grown in the surrounding rural region. Also the alluvial terraces will be highly suitable for the proposed Jojoba cultivation (Table 8) . As Jojoba cultivation is highly adapted with the areas of aridic moisture regime of scarce water resources, it requires less water irrigation that reduces the quantities of flooded irrigation water. This adaptation in such alluvial terraces will improve the soil drainage and microclimatic conditions as well as producing a bio-fuel oil as a source of renewable energy. This proposal considers the Egyptian Code (501/2005) of MHPUNC (2005) for the reuse of primary treated wastewater to be used only for growing industrial oil crops as Jatropha, jojoba and wood trees. After drainage condition improvement, deep plowing is highly required for decreasing the heavy metal concentrations by distributing them in relatively deep soil, which in turn reduces their uptake by roots. Fig. 7 indicates the current and potential land suitability for the traditional and proposed crops in the study area.
Conclusion and recommendation
(1) Continuous use of wastewater for surface irrigation will most probably deteriorate the alluvial lower terraces and the drained water will seep westward creating extra submerging areas to be poorly and very poorly drained soils in the depressed alluvial plain. (2) Heavy metal concentrations will be above the safety levels and extra contamination will be occurred in soils and plants as a mediator for human health hazard. The soils of lower terraces will be most probably contaminated by extra heavy metal concentrations, especially those soils that either are cultivated or are located along the uppermost seepage flow of the drainable water. The highest contamination will occur in the depressed alluvial plain of river Nile sediments including clayey soils. (3) The main land improvement is concerning land quality of drainage, which indirectly will correct salinity and sodicity limitations in the River Nile deposits to be highly suitable for all crops. It can be realized by channeling a drain for a linear flow between contour 21 and 22 a s l to link the drainage flow with the two flush flooding canals in both the northern and southern parts of the study area. Frequent removal of the flushed down sediments that settled at the bottom and sides of El Hager irrigation canal is required for deepening the level of its water surface. For the same purpose, a linear flow to north of the drained water is required aligning the contour line of 30 a s l to improve the drainage condition of the alluvial lower terraces. (4) The alluvial terraces will be highly suitable for the proposed Jojoba cultivation to replace the edible crop cultivation in the alluvial terraces. Jojoba shrubs are adapted for less water requirement reducing the quantities of drained water as well as for developing a bio-fuel crop production of renewable energy. (5) Frequent removal of sediments that settled at the bottom and sides of El Hager irrigation canal for deepening the level of its water surface is required, which allows water seepage from the aligning area of deteriorated soil drainage. Also deep plowing is highly required for decreasing the heavy metal concentrations by distributing them in relatively deep soil layers. Adding organic matter to the soil will reduce the available heavy metals from the root zoon, which in turn reduces their uptake by roots.
